Water is critical for life, but many people do not have access to clean and safe drinking water and die because of waterborne diseases. The analysis of drinking water for the presence of indicator microorganisms is key to determining microbiological quality and public health safety. However, drinking water-related illness outbreaks are still occurring worldwide. Moreover, different indicator microorganisms are being used in different countries as a tool for the microbiological examination of drinking water. Therefore, it becomes very important to understand the potentials and limitations of indicator microorganisms before implementing the guidelines and regulations designed by various regulatory agencies. This review provides updated information on traditional and alternative indicator microorganisms with merits and demerits in view of their role in managing the waterborne health risks as well as conventional and molecular methods proposed for monitoring of indicator and pathogenic microorganisms in the water environment. Further, the World Health Organization (WHO) water safety plan is emphasized in order to develop the better approaches designed to meet the requirements of safe drinking water supply for all mankind, which is one of the major challenges of the 21st century. Key words | drinking water quality, fecal contamination, microbial indicator, molecular techniques, waterborne disease, water safety plan DW quality (Dufour et al. ; EIWID ; WHO ). Water safety plans (WSPs) are the most recent document to create awareness among water quality professionals, so that they can develop the preventive strategies to protect public health (Bartram et al. ).
INTRODUCTION
Ensuring the safety of drinking water (DW) is an ongoing process. Water that looks suitable for drinking may be contaminated with pathogens that may cause serious health hazards. The microbiological examination of DW for the presence of indicator microorganisms (IMs) is key to determining microbiological quality and ensuring public health safety. The presence of IMs represents the fecal contamination of DW with pathogens and quality deterioration.
The microbiological assessment of DW quality is based on the relationship between IMs and pathogens (Borrego et al. a, b; Koster et al. ; WHO ) . However, DW illness outbreaks have occurred both in the presence and absence of IMs. This is because of either failure of treatment processes that do not completely eliminate the pathogens from DW or entry of contaminated water harboring pathogens into distribution systems through cracks/ leakage (Figueras & Borrego ) . In spite of specific legislation, DW illness outbreaks are still occurring worldwide and the associated control measures are being carried out (Figueras & Borrego ) .
The World Health Organization (WHO) has published several guidelines in collaboration with the International Water Association (IWA) and the Organisation for Economic Co-operation and Development (OECD) for improvement in been reviewed in many studies (Koster et al. ; NRC ) . Nowadays, new approaches based on the virulence factor-activity relationship (VF-AR) to detect emerging waterborne pathogens are being explored (Karanis et al. ; Cangelosi ) . However, the routine application of these methods for the examination of pathogens is not yet the reality and is restricted to research studies or to cases of suspected outbreaks. This review article emphasizes the traditional and alternative IMs with merits and demerits in view of their role in managing waterborne health risks, as well as conventional and molecular methods proposed for monitoring of indicator and pathogenic microorganisms in water environments. In addition, the pathogens removal efficiency of DW and wastewater treatment plants (WWTPs) is discussed. Further, WSPs are given in order to develop better approaches to meet the requirement of safe DW supply for all mankind.
The presence of indicator organisms will likely continue to be used as a criterion of DW quality and it will be useful if attention is given for the development and use of optimal methods for their recovery. The existing data also indicate that there is limited utility of IMs under certain circumstances, although there is no ideal IM and research is ongoing to search for a suitable microorganism that can indicate the presence of pathogenic microorganisms more accurately than traditional indicators.
DRINKING WATER AS A SOURCE OF DISEASES
Water is the essence of life. A clean and safe DW supply may be the norm in European and North American countries, but in developing countries the assessment of both clean and safe DW is not the rule and hence waterborne illness outbreaks are common. In Asian and African countries, children under 5 years of age are primarily affected by diarrheal diseases (DDs) transmitted through contaminated DW (Seas et al. ) . It is also reported that around two and a half billion people have no access to clean and safe DW and more than 1.5 million children die each year from DDs (Fenwick ) . This is due to the contamination of DW with different types of pathogenic microorganisms present in urban sewage, and feces of infected humans and animals (Table 1) In general, any practice that involves the distribution of domestic wastewater in soil has the potential to cause microbial contamination of ground water. The wastewater discharged in fresh water and costal seawaters is also a major source of pathogenic microbes (Fenwick ; WHO ). The wastewater treatment processes applied at WWTPs do not completely eliminate or inactivate the pathogenic microbes present in wastewater. The pathogen removal efficiency of wastewater treatment processes, as well as the concentration of pathogenic microbes that remained in digested sludge even after treatment processes, is summarized in Tables 2 and 3, respectively.
INDICATORS OF MICROBIAL CONTAMINATION OF DRINKING WATER
The presence of enteric pathogens in DW is of great con- 
Potential applications of an IM
The microorganism used as an indicator should also be chosen on the basis of the particular application of the information. Thus, the potential application of an IM should be to indicate:
(a) the fecal pollution; No. of cells or particles 1 > 10 >10 3 25-100
Amount in feces 10 6 -10 10 /g 10 10 /g 9 × 10 6 /g of stool Adapted from Yates (1998) and Toze (2006) . (c) the presence of pathogenic microbes;
(d) the efficiency of a particular water or wastewater treatment process;
(e) the environmental fate of a target pathogen;
(f) the movement of particles suspended in water during subsurface transport.
Traditional indicators
The microorganisms that have been reported as an indicator of fecal contamination are summarized in Table 5 , whereas the IMs that have been used to establish the performance criteria for various water uses are listed in Table 6 .
Coliforms or total coliforms
The coliforms belong to the family Enterobacteriaceae, Group Definition Process indicator A group of organisms that demonstrates the efficacy of a process such as total heterotrophic bacteria or total coliforms for chlorine disinfection Fecal indicator A group of organisms that indicates the presence of contamination such as the bacterial groups, thermotolerant coliforms or E. coli. Hence, they only infer that pathogens may be present been described as 'thermotolerant adaptation of proteins'.
Therefore, their stability at temperatures found in the enteric tracts of animals is both constant and higher than the temperature in most aquatic and terrestrial environments (Clark  Total coliforms Gram-negative, non-spore-forming, oxidase/indole-negative, rod-shaped facultative anaerobic bacteria that ferment lactose (with β-galactosidase) to acid and gas within 24-48 h at 36 ± 2 W C in a medium containing bile salts and detergents. Not specific indicators of fecal pollution
Fecal coliforms
Thermotolerant coliforms that produce acid and gas from lactose fermentation at 44.5 ± 0.2 W C within 24 ± 2 h, also known as fecal coliforms due to their role as fecal indicators
Thermophilic coliforms that produce indole from tryptophan, but also defined now as coliforms able to produce β-glucuronidase (although taxonomically up to 10% of environmental E. coli may not). Most appropriate group of coliforms to indicate fecal pollution from warm-blooded animals
Fecal streptococci (FS)
Gram-positive, catalase-negative non-spore-forming cocci from selective media (e.g., azide dextrose broth (sodium azide ¼ strong inhibitor of respiratory chain) or m-Enterococcus agar) that grow on bile aesculin agar and at 45 W C, belonging to the genera Enterococcus and Streptococcus possessing the Lancefield group D antigen. This group had been used in conjunction with fecal coliform to determine the source of recent fecal contamination (man or animals). Several strains appear to be ubiquitous and cannot be distinguished from the true fecal streptococci under usual analytical procedure, which detracts from their use as an indicator organism
Bacteroides
An anaerobic, non-spore-forming, Gram-negative, pleiomorphic bacillus, has been proposed as human-specific indicator
Enterococci
The subset of fecal streptococci that grow at pH 9.6, 10 and 45 W C and in 6.5% NaCl. Nearly all are members of the genus Enterococcus, and also fulfill the following criteria: resistance to 60 W C for 30 min and ability to reduce 0.1% methylene blue. Alternatively, enterococci can be directly identified as microorganisms capable of aerobic growth at 44 ± 0.5 W C and of hydrolyzing 4-methlumbelliferyl-β-D-glucoside (MUD, detecting β-glucosidase activity by blue florescence at 366 nm), in the presence of thallium acetate, nalidixic acid and 2, 3, 5-triphenyltetrazolium chloride (TTC, which is reduced to red formazan) in the specified medium (ISO/FDIS 7899-1 1998). The enterococci are generally found in lower numbers than other indicator organisms; however, they exhibit better survival in sea water
Clostridium perfringens
Gram-positive spore-forming, non-motile, strict anaerobe, sulfite-reducing bacilli, ferment lactose, sucrose and inositol with the production of gas, produce stormy clot fermentation with milk, reduce nitrate, hydrolyze gelatin and produce lecithinase and acid phosphatase. WHO , ).
Sulfite-reducing clostridia
The Nevertheless, the sulfite-reducing clostridia are considered ubiquitous in aquatic sediments and their spores are highly resistant to environmental stress. This explains However, the low incidence of this phage group in human feces and its low specificity for its bacterial host has suggested that they would multiply in sewer systems Since coprostanol is hydrophobic, it is readily associated with sewage and water particles. Fecal sterols could, therefore, be incorporated into sediments and preserved for a long time under anoxic conditions without significant biodegradation (stable for 450 days at 15 W C) (Isobe et al. ) . All these facts explain the findings that coprostanol was also found far from the possible fecal pollution source. Therefore, the presence of coprostanol mainly in sediments may indicate old or remote fecal pollution (Savichtcheva & Okabe ) . In addition, lack of studies on application of host specificity, and desirable detection sensitivity and correlation with pathogens limit current application of fecal sterols on a large scale and indicate the need for future investigations. health concern without culturing in laboratories but with the help of MTs is considered to be a more suitable alternative (Gilbride et al. ) ( Table 7) .
Recovery of injured bacteria

TECHNIQUES FOR THE DETECTION OF INDICATOR AND PATHOGENIC MICROORGANISMS IN WATER ENVIRONMENTS
The MTs, particularly nucleic acid amplification methods, provide sensitive, rapid and quantitative means for detecting the specific pathogens of public health and environmental concern including new emergent bacterial Simple and rapid Reproducibility a concern; cell culture required; large database required; variability increases as database increases 
Integration and packaging
Adapted from Simpson et al. (2002) , Scott et al. (2002) , Meays et al. (2004) , Gilbride et al. (2006) and Girones et al. (2010) . (Table 8) .
DRINKING WATER QUALITY STANDARDS AND GUIDELINES
WHO guidelines and WSPs
The WHO has recommended WSPs for consistently ensur- at each step along with the distribution system. Therefore, the preventive strategies should be designed (a multibarrier protection system) in order to correctly manage these risks efficiently and effectively to protect the public health. This approach does not rely solely on end-point testing, but on the establishment of critical control points that will be subject to on-line monitoring. The parameters that can be measured on-line and in real-time are free chlorine, water pressure, dissolved oxygen and turbidity to which critical safety limits are established. In this way, any sudden anomalous changes in any of these parameters may indicate a problem within the distribution system that can be managed before the water is supplied to the consumers.
The introduction of these early warning or control parameters from source to consumer's home that can predict or alert the possible deterioration of DW quality before it is distributed to the consumers are the key elements of WSPs. Analyzing the DW microbiologically, for the enumeration and identification of IMs, is too slow (i.e., requires minimum of 24-48 h) and, therefore, is not suitable. However, they play an important role as validation tools because they verify whether the barriers work properly and the whole process is under control. In reality, many large water companies have long been adopting the principles of risk assessment and risk management, mostly in the form of operational procedures, for the treatment processes and distribution networks. Therefore, the adoption of these approaches will not be difficult, but beneficial as already reported (Gunnarsdóttir & Gissurarson ) . The WSPs have to be developed by a team and require:
• specific measures to protect raw water used to produce DW (i.e., fencing);
• the appropriate level of treatment in water companies as well as during the storage and distribution through pipe networks to customer's homes to guarantee the quality of DW;
• that customers are aware of their role and responsibilities for keeping the water as wholesome as possible in their properties, which include both public buildings as well as private homes. 
Strategies minimizing waterborne illness outbreaks in developing countries
In developing countries, the following strategies are used as low-cost alternatives, which are effective in preventing the spread of WBDs (WHO ).
Chlorination
It is a widely used method for water purification wherein chlorine (a disinfectant) is added in liquid or tablet form to kill the pathogenic microorganisms present in DW supply reservoirs. Therefore, water that has been treated with chlorine is effective in preventing the spread of WBDs.
Boiling
It is the oldest and most commonly used effective approach to disinfect water at a household level that kills most of the microbes causing intestine-related diseases.
Solar disinfection
It is a type of portable water purification systems (selfcontained units) that is also known as point-of-use water treatment. In this method, the clear DW in disposable clear plastic bottles is exposed to sunlight for a day. Principally, it is the combined action of heat and UV light received from the sun that is used to inactivate the pathogens present in water.
Filtration
It is used to purify water through high-quality ceramic filters with small pores, often coated with silver, which has been shown to be effective in removing many microbes and other suspended solid particles. These devices can be directly installed at water outlets in order to protect users against potentially harmful waterborne pathogens by providing a barrier to them and/or minimizing patient exposure.
To be effective, filters need to be cleaned regularly to maintain the flow of water.
Combined flocculation/disinfection systems
It is the addition of chlorine in powder or tablet form to coagulate and flocculate the sediments present in water followed by a timed release of disinfectant (chlorine). It is particularly used for the treatment of turbid water. The water is normally stirred for few minutes, strained to separate the flocculants and then allowed to stand for another half hour for the complete disinfection process.
Safe storage
It has been shown that water that is safe at the point of collection is often subject to fecal contamination during the collection, transport and use at home, mainly by unclean hands. Many studies have also shown that vessels with narrow mouths and taps can significantly reduce such contamination and reduce the risk of DDs. Wherever possible, safe storage should also be included in the interventions to treat the water at home. (h) More studies are required in order to understand the behavior and ecology of waterborne pathogens so that their true potential as emerging waterborne pathogens may be evaluated.
Thus, in conclusion we can say that there is no universal IM, but a number of microorganisms each with certain characteristics are being used as an indicator of the microbiological quality of DW. Therefore, this review article has mainly focused on elucidating the appropriate use of microbes as IMs with a view to their role in the management of waterborne microbial risks.
